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Charm and bottom baryon masses in the 1/N expansion
E. Jenkinsa∗
aDepartment of Physics, University of California, San Diego,
9500 Gilman Drive, La Jolla, California 92093, USA
The masses of heavy quark baryons are studied in an expansion in 1/Nc, SU(3) flavor symmetry breaking, and
heavy-quark symmetry breaking. Very accurate model-independent mass relations are obtained for charm and
bottom baryons.
1. INTRODUCTION
The 1/Nc expansion has proven useful for
studying the spin-flavor properties of baryons
containing light quarks. A spin-flavor symmetry
for baryons is defined in large-Nc QCD. Away
from the Nc → ∞ limit, 1/Nc corrections which
break large-Nc baryon spin-flavor symmetry can
be classified in terms of the spin and flavor sym-
metries which remain for finite Nc. Since explicit
SU(3) flavor symmetry breaking ǫ ∼ ms/Λχ is
comparable to 1/Nc = 1/3 for QCD baryons, a
combined expansion in 1/Nc and ǫ is necessary
to explain the symmetry-breaking pattern. The
1/Nc expansion has had considerable phenomeno-
logical success for qqq baryons; 1/Nc suppression
factors clearly are present in experimental data.
For baryons containing a single heavy quark
Q in HQET, there is spin-flavor symmetry in
the large-Nc limit as well as in the heavy quark
limit [1]. The spin-flavor symmetry of heavy
quark baryons with one heavy quark flavor con-
tains a SU(6)ℓ symmetry of the light degrees of
freedom in the Nc → ∞ limit, and a SU(2)Q
spin symmetry of the heavy quark in both the
mQ → ∞ and Nc → ∞ limits. The spin-
flavor symmetry of the light degrees of freedom
is broken by corrections suppressed by factors
of 1/Nc and SU(3) flavor symmetry breaking,
whereas the heavy-quark spin symmetry is broken
by terms suppressed by factors of 1/Nc and heavy
quark symmetry breaking δQ ∼ ΛQCD/mQ. Note
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that SU(3) flavor symmetry and heavy quark spin
symmetry are better symmetries for baryons than
for mesons because violation of spin-flavor sym-
metry is suppressed by additional factors of 1/Nc
for baryons.
Heavy quark symmetry for two heavy quark
flavors Q = c and Q = b in HQET generalizes
to heavy-quark spin-flavor symmetry SU(4)Q,
which relates the heavy quark spin-flavor proper-
ties of charm and bottom hadrons. Again, heavy
quark spin-flavor symmetry is a better symmetry
for baryons than for mesons because heavy quark
spin-flavor symmetry violation is accompanied by
factors of 1/Nc.
The lowest-lying spin-flavor representation for
Qqq baryons consists of a completely symmet-
ric spin-flavor representation of two light quarks
combined with a single heavy quark with JQ =
1
2 .
Under light-quark spin and flavor, this represen-
tation decomposes into a Jℓ = 0 flavor 3¯, which
consists of the isosinglet ΛQ(Qud) and the isodou-
blet Ξc(Qsq) with J = Jℓ+JQ =
1
2 , and a Jℓ = 1
flavor 6, which consists of ΣQ, Ξ
′
Q, ΩQ with J =
1
2
and Σ∗Q, Ξ
∗
Q, Ω
∗
Q with J =
3
2 .
The mass hierarchy of the lowest-lying charm
and bottom baryon masses was predicted in a
combined expansion in 1/Nc, ǫ and δQ in Ref. [1].
Here, the theoretical hierarchy is compared with
experiment for charm baryonmasses, and the pre-
dicted pattern is seen. Bottom baryons are pre-
dicted to obey the samemass hierarchy with 1/mc
replaced by 1/mb.
22. 1/Nc Expansion
In the 1/mQ expansion of HQET, the mass of
a hadron containing a single heavy quark is given
by
M(HQ) = mQ + Λ¯−
λ1
2mQ
− dH
λ2
2mQ
+ · · · , (1)
where
λ1 = 〈HQ(v)|Q¯v(iD)
2Qv|HQ(v)〉, (2)
dHλ2 =
1
2
ZQ〈HQ(v)|Q¯vgGµνσ
µνQv|HQ(v)〉,
are the matrix elements of the 1/mQ-suppressed
operators in the heavy hadron, dH = −4 (Jℓ · JQ),
and corrections of order 1/m2Q have been ne-
glected. Eq. (1) can be applied to mesons and
to baryons, but the values of Λ¯, λ1 and λ2 will be
different in the two cases.
The spin- 12 3, and spin-
1
2 and
3
2 6 baryons have
masses given by the 1/mQ expansions
TQ = mQ + Λ¯T −
λ1T
2mQ
+ · · · ,
SQ = mQ + Λ¯S −
λ1S
2mQ
−
4λ2S
2mQ
+ · · · , (3)
S∗Q = mQ + Λ¯S −
λ1S
2mQ
+
2λ2S
2mQ
+ · · · ,
respectively. Large-Nc spin-flavor symmetry im-
plies that the hadronic matrix elements of these
baryons are equal in the Nc →∞ limit. For finite
Nc, the matrix elements have expansions in terms
of 1/Nc operators given by
Λ¯ = Nc1 +
J2ℓ
Nc
,
λ1
2mQ
=
1
mQ
NQ +
1
N2c
1
mQ
NQJ
2
ℓ , (4)
−dH
λ2
2mQ
=
1
Nc
1
mQ
(Jℓ · JQ),
where NQ is the heavy quark number operator
which is equal to 1 for baryons containing a single
heavy quark, 1 is the unit operator for baryons,
and J iℓ and J
i
Q are the spins of the light degrees
of freedom and the heavy quark, respectively. In
Eq. (4), it is to be understood that each 1/Nc op-
erator is accompanied by an unknown, dimension-
ful, O(1) coefficient, which has been suppressed
for simplicity. Eq. (4) makes a number of in-
teresting predictions. For instance, Λ¯T and Λ¯S
are equal at leading order Nc in the 1/Nc expan-
sion. However, at order 1/Nc, the two matrix
elements are not equal, but are split by a contri-
bution which is order 1/N2c relative to the lead-
ing O(Nc) term. Similar remarks apply for the
λ1 matrix elements.
The generalization of Eq. (4) to include SU(3)
flavor symmetry and its breaking is provided in
Ref. [1]. At the time of this work, the Ξ′c mass
had not been measured, and the 1/Nc analysis
was used to successfully predict Ξ′c = 2580.8 ±
2.1 MeV [2], to be compared with the subsequent
experimental value Ξ′c = 2576.5± 2.3 MeV. This
theoretical prediction and its precision required
the 1/Nc expansion.
Today the masses of all singly charmed baryons
are measured except for the spin- 32 Ω
∗
c . The most
suppressed mass combination
1
4
[(Σ∗c − Σc)− 2 (Ξ
∗
c − Ξ
′
c) + (Ω
∗
c − Ωc)] , (5)
which is suppressed by δQǫ
2/N3c relative to the
O(Nc) baryon mass, can be used to extract Ω
∗
c =
2770.7 ± 5.9 MeV. Thus, it is possible to evalu-
ate the charm baryon mass hierarchy and com-
pare with theory. For bottom baryons, only the
Λ0b mass is measured. Using heavy quark spin-
flavor symmetry, it is possible to predict all of
the other bottom baryon masses in terms of the
charm baryon masses [2].
Figure 1 plots seven of the eight indepen-
dent mass combinations of the lowest-lying charm
baryon spin-flavor multiplet. [The mass splitting
Eq. (5) is not plotted since it was used to deter-
mine the Ω∗c mass.] The first mass combination is
the leading order NcΛ +mQ baryon mass where
Q = c. The remaining mass splittings are order
Λ times 1
Nc
, ǫ, ǫ
Nc
, ǫ
2
Nc
,
δQ
Nc
and
ǫδQ
N2c
, respectively.
Fig. 1 shows that the 1/Nc splitting is comparable
to the ǫ splitting, and that the δQ/Nc splitting is
a bit larger than the ǫ/Nc splitting forQ = c. The
most suppressed splittings are consistent with the
predicted ǫ
2
Nc
and
ǫδQ
N2c
hierarchy as well.
It is possible to determine the 1/mQ-dependent
contributions to the charm baryon mass splittings
which do not violate heavy quark spin symme-
3Figure 1. Mass hierarchy of charm baryons.
try by comparison with the analogous mass split-
tings for baryons containing no heavy quark. The
1/Nc expansions of qqq and Qqq baryon masses
are given in the flavor symmetry limit by
M(qqq) = Nc1 +
1
Nc
J2ℓ ,
M(Qqq) = Nc1 +NQmQ +
1
Nc
J2ℓ (6)
+
1
N2cmQ
NQJ
2
ℓ +
1
NcmQ
(Jℓ · JQ),
which shows that the NQ and the NQJ
2
ℓ splittings
can be extracted by making this comparision.
Figure 2 plots the 1/mQ-dependent portion of
the first five mass splittings of Fig. 1 together with
the two heavy quark spin-violating mass split-
tings (points 6 and 7) of Fig. 1. The first mass
(point 1) yields mQ or the charm quark mass at
leading order in 1/mQ, whereas the six other mass
splittings are order Λ times the the dimensionless
suppression factors
δQ
N2c
,
ǫδQ
Nc
,
ǫδQ
N2c
,
ǫ2δQ
N2c
,
δQ
Nc
, and
ǫδQ
N2c
, respectively. It is interesting to note, for ex-
ample, that the two
ǫδQ
N2c
splittings (points 4 and
7) are in good agreement, showing that the same
heavy quark symmetry-violating parameter δQ is
governing heavy quark spin-conserving and spin-
violating mass splittings.
Figure 2. 1/mQ-dependent mass splittings for
charm baryons.
3. CONCLUSIONS
The 1/Nc hierarchy of the 1/Nc expansion is
evident in the masses of Qqq baryons as well as
qqq baryons. The 1/Nc expansion, together with
SU(3) flavor violation and heavy-quark symme-
try violation, gives a quantitative understanding
of spin-flavor symmetry breaking for heavy quark
baryons. An intricate pattern of spin-flavor sym-
metry breaking is predicted since 1/Nc, ǫ, and
δQ for Q = c are comparable in magnitude. The
same 1/Nc hierarchy is expected to appear for
bottom baryon masses, and it is possible to pre-
dict the bottom baryon mass splittings in terms of
charm baryon mass splittings. Heavy quark spin-
flavor symmetry is a better symmetry for Qqq
baryons than for heavy quark mesons because vi-
olation of the spin-flavor symmetry is suppressed
by factors of 1/Nc as well as 1/mQ.
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